Results.
The youth who were obese demonstrated greater knee valgus in standing (P = 0.02), lower normalized peak external knee adduction moments during walking (P = 0.003), and greater normalized peak external knee extension moments during jogging (P = 0.003) compared with the youth who were healthy-weight. Standing knee alignment did not correlate with knee moments in the youth who were obese.
Limitations.
Results are limited to small, homogeneous cohorts. The standing alignment methodology is not validated in this population and may limit interpretation of results.
Conclusion.
Youth who are obese stand in more knee valgus and have altered knee loading patterns during walking and jogging compared with youth who are healthyweight. Frontal-plane knee alignment does not correlate with frontal-plane knee loading patterns in youth who are obese. A better understanding of other mechanisms related to joint loading in youth who are obese is necessary to maintain long-term joint integrity in this population.
O besity is a primary risk factor for the development of knee osteoarthritis (OA). 1, 2 More specifically, youth who are obese (OB) are at a potentially high risk of knee pain and poor knee joint health and damage. [1] [2] [3] [4] [5] [6] Youth who are OB have a higher prevalence of knee cartilage lesions compared with youth who are healthy-weight (HW). 6 Moreover, in a small sample of youth who were OB complaining of knee pain, cartilage lesions were observed in all individuals. 3 An additional risk factor implicated in the development of knee OA and articular cartilage damage is knee malalignment. 7, 8 Increased knee varus alignment has been shown to increase the risk of medial knee OA, 9 whereas increased knee valgus alignment has been shown to increase the risk of lateral knee OA and meniscal damage. 10 The combination of obesity and knee malalignment may substantially exacerbate the risk for joint damage and degeneration. 7 The presence of these factors in children and adolescents may significantly increase the risk of poor knee health during development and later into adulthood, as obesity in young adulthood triples the risk of knee OA by age 60. 2 Evaluating factors that may be related to knee health in youth who are OB is critical for the preservation of both immediate and long-term knee joint integrity.
Knowledge regarding frontal-plane knee alignment in youth who are OB is limited. Typically developing children between 11 and 18 years of age stand in a neutral to varus knee alignment. 11 In youth who are OB, genu valgum, based on clinical observation of standing posture, is more prevalent compared with HW youth. 4 Static standing frontal-plane knee alignment has been shown to consistently correlate with frontal-plane knee moments during walking, specifically the external knee adduction moment, in HW adults and adults who are OB. [12] [13] [14] [15] However, the relationship between static standing frontal-plane knee alignment and frontal-plane knee loading patterns in youth who are OB has not been explored.
When evaluating knee joint loading it is suggested that frontal-and sagittal-plane moments be considered together, as they have been shown to be predictive of cartilage damage within the medial tibiofemoral and patellofemoral compartments. 16, 17 However, reports regarding frontal-plane knee loading patterns in youth who are OB during walking are conflicting, with reports of peak external knee adduction moments being decreased, increased, or no different compared with HW youth. [18] [19] [20] [21] Similar to frontal-plane knee moments, reports of sagittal-plane knee moments during walking in youth who are OB are also conflicting. [19] [20] [21] A better understanding of knee alignment and joint loading patterns in youth who are OB during walking and other activities may help to identify strategies and interventions focused on mitigating potential knee joint damage during development and into adulthood.
The purposes of this study were to: (1) compare static standing frontal-plane knee alignment, frontal-plane knee moments, and sagittal-plane knee moments between youth who are OB and youth who are HW and (2) determine the association between static standing frontal-plane knee alignment and frontal-plane knee joint loading patterns during walking and jogging in youth who are OB. We hypothesized that: (1) valgus knee alignment would be more prevalent in youth who are OB compared with HW; (2) youth who are OB will demonstrate lower peak external knee adduction moments, greater peak external knee abduction moments, and lower peak external knee flexion moments compared with youth who are HW during walking and jogging; and (3) static standing valgus alignment would positively correlate with peak knee abduction moments during walking and jogging in youth who are OB.
Methods

Participants
Two groups of participants (total n = 40), ages 11-18 years, were recruited: 20 youth who were OB (95th-98th body mass index [BMI] percentiles) and 20 youth who were HW (5th-84th BMI percentiles). 22, 23 Participants who were OB were recruited from potential patients referred to a pediatric medical weight management program at a tertiary pediatric hospital, pediatric ambulatory clinics, and other local community pediatric clinics. Potential participants who were HW were recruited from community pediatric clinics and via flyer postings. Participants who were HW were matched to participants who were OB based on age and sex (eFigure, available at academic.oup.com/ptj).
Exclusion criteria.
Potential participants with a current or past history of any developmental (eg, delayed walking, muscular dystrophy, autism), neurological (eg, cerebral palsy, nerve injury), or orthopedic conditions (eg, slipped capital femoral epiphysis, fracture) that would impact their gait or ability to run were excluded. Potential participants with a genetic predisposition to obesity (eg, Prader-Willi syndrome) or who were taking any medications that might impact muscle function or for pain/inflammation were also excluded. Children who were morbidly/severely OB (BMI > 99th percentile) were excluded due to the potential to increase the measurement error of the 3D motion capture secondary to potentially substantially greater amounts of soft tissue compared with youth who are OB. Children who were overweight (BMI 85th-94th percentile) and underweight (BMI <5th percentile) were also excluded, as the focus of the current study was to distinctly compare children and adolescents of HW (BMI <85th percentile) and those who were OB (BMI >95th percentile). 18, 19, 23 
Data Collection and Procedures
Institutional review board-approved infor med assent and consent were obtained from participating subjects and their parents/legal guardians, respectively. For this study, participants attended a one-time visit to the laboratory which lasted approximately 1 hour for the motion analysis testing. Participants' height and weight were measured on a standard physician's combined stadiometer and weight beam scale (Detecto-Medic, Webb City, Missouri) and recorded. 22 BMI was calculated from participants' height and weight, and then sex-and age-adjusted BMI z-scores were generated from an online calculator (Table 1) . 24, 25 To assess maturation status, participants complet-ed a Tanner Stage self-report questionnaire. 26 Seventeen of the 20 participants who were OB and 20 of the participants who were HW completed the Tanner Stage questionnaire and were included in the pairwise data analysis. Alignment and biomechanics data were measured on the test limb, as determined by the participant's report of which limb he/ she would use to kick a soccer ball as far as possible. 27, 28 
Motion Analysis
Individual retro-reflective spherical markers were attached directly to the skin on each subject's lower extremities and pelvis. Anatomical markers were placed over the medial and lateral femoral condyles and malleoli to define the joint centers of the knee and ankle while tracking markers were placed on the thigh and shank. 29, 30 Markers were placed over both the anterior superior iliac spines (ASIS), posterior superior iliac spines, and iliac crests to define the pelvis. ASIS markers were placed lateral to the ASIS and the distance (cm) between the left and right ASIS was measured with calipers, in order to recreate the anatomical locations. The hip joint centers were determined functionally with the star-arc approach. 31 This method does not utilize the ASIS markers to determine the hip joint center, which can be a source of error in individuals who are OB, but identifies the hip joint center as the center of rotation of the femur relative to the pelvis during a series of planar and circumduction movements of the leg.
Kinematic data were collected using 10 Vicon motion analysis cameras (Vicon Motion Systems, Oxford, Ohio), and ground reaction force data were collected using 6 synchronized triaxial force plates (Bertec Corporation, Columbus, United Kingdom). Ground reaction force data were sampled at 1500 Hz for all participants. Kinematic data of 32 participants were captured at a sample rate of 300 Hz, while 8 participants (OB: n = 1, HW: n = 7) were sampled at 150 Hz due to a technical problem. To evaluate for potential differences secondary to the sampling rates, data from the walking and jogging trials of one subject who was captured at 300 Hz were downsampled to 150 Hz and compared. The differences between the curves for the variables of interest were within the ranges of standard measurement error, 32 thus data from all participants were included in the final analysis. The motion analysis data were exported for subsequent analysis in Visual 3D software (C-Motion, Germantown, Maryland). Marker trajectories and analog force data were filtered using a fourth-order Butterworth filter with cutoff frequencies of 12 Hz and 40 Hz, respectively. Three-dimensional Cardan joint angles for the knee were determined between the thigh and shank segments during a static standing trial as well as walking and jogging. Knee joint moments were calculated using standard inverse dynamics equations and are reported as raw (Nm) and normalized to mass × height (Nm / (kg × m)) data.
Three-Dimensional Measurement of Static Frontal-Plane Knee Position
Frontal-plane knee alignment was deter mined using 3D motion analysis. 15, 33 After placement of the retro-reflective markers, as previously described, participants were instructed to stand in the anatomical position with their feet on 2 parallel lines placed 35 cm apart, with the lines running through the midline of each foot. A static standing trial was collected for 3 seconds while participants stood in the position with their weight evenly distributed between both feet. As previously mentioned, the hip joint center was calculated using the stararc method. 31 The knee joint centers were calculated as the midpoint between the medial and lateral femoral condyles, and ankle joint centers were calculated at the midpoint between the medial and lateral malleolus. A static model was created based on anatomical marker placements, with the long axis of the thigh determined as the line from the knee joint center to hip joint center, medio-lateral axis as the line perpendicular to the long axis along the line between medial and lateral femoral condyles, and the antero-posterior axis normal to the long and medio-lateral axes. The shank was defined in a similar manner, with the long axis as the line from ankle joint center to knee joint center, medio-lateral axis defined as the line from the medial and lateral malleoli and perpendicular to the long axis, and the antero-posterior axis normal to the long and medio-lateral axes. Frontal-plane knee alignment was calculated as the mean Cardan angle between the relative positions of the thigh and shank segments around the antero-posterior axis on the tested limb. Although there are no reports of using this technique in youth who are OB, it has been validated with long-limb standing radiographs in adults who are OB and adults with knee OA. 15, 33 Alignment was classified as being either varus (<0°) or valgus (>0°). In addition, the interlimb hip, knee, and ankle joint center distances were calculated as a secondary measure of alignment. 20 
Walking and Jogging Trials
With the retro-reflective markers in place, participants were instructed to walk and jog down a 10-meter walkway at self-selected speeds. Each participant performed practice trials prior to data collection for both tasks, with the walking trials performed first. A walking or jogging trial was considered successful if the foot of the test limb contacted a force platform with no apparent change in gait pattern, had no overlapping foot contact with adjacent force plates, and had no apparent scuffing/dragging of the feet on the floor. During data processing, all data and trials were quality checked to ensure accurate labeling of the markers, appropriate contact with the force plates, and no obvious signs of data artifacts present. Three to 5 representative trials of both the walking and the jogging tasks were averaged for statistical analysis. During the walking and jogging trials, the participants were asked if they experienced any pain. If they reported pain, then the pain location was recorded.
The variables of interest during the walking and jogging tasks included the peak external knee adduction/abduction and peak external knee flexion/ extension moments during the first 60% of the stance phase. Sixty percent of the stance phase was chosen to ensure that the initial peaks were selected, and this time frame represents the weight acceptance and midstance phases of gait as used in previous studies. [18] [19] [20] The walking and jogging trials were analyzed separately.
Data Analysis
Based on previous studies in healthy adults evaluating the relationship between static standing frontal-plane knee alignment and peak knee adduction moments, it was estimated that at least 11 participants would be required in each group to achieve 80% power 13 (G*Power 34 
Results
Age, pubertal stage, and sex distribution were not different between groups (Table 1) . Sixteen participants who were OB and 11 who were HW were classified in knee valgus (P = 0.27). Youth who were OB stood with greater valgus angles compared with those who were HW (P = 0.02) (Table 2). To further explore this finding, using paired t-tests, we compared the interjoint center distances between the OB and HW groups. The OB group had wider interhip joint distances (P < 0.001), but similar interknee (P = 0.40) and interankle (P = 0.10) joint distances (Table 2 ) compared with the HW group. The OB group also had wider inter-ASIS distances (measured manually using calipers) compared with the HW group (P < 0.001) ( Table 2) .
To evaluate the potential association between the lower extremity interjoint distances and the frontal-plane knee angle, Pearson's correlations were conducted for both groups. There was a moderate to strong correlation between frontal-plane knee angle and interknee joint distance for both groups (OB: r = 0.63; P = 0.003; HW: r = 0.50; P = 0.02), but there were no correlations between the frontal-plane knee angle and interhip (OB: r = −0.38; P = 0.10; HW: r = 0.21; P = 0.37) or interankle distances (OB: r = 0.10; P = 0.69; HW: r = 0.38; P = 0.10).
During walking, the OB group demonstrated smaller normalized peak external knee adduction moments compared with the HW group (P = 0.003), with no group differences observed in normalized external knee abduction moments (P = 0.10) or normalized external knee flexion and extension moments (P = 0.12 and 0.96, respectively) ( Table 3 ) (Figure 1 ). During jogging, the OB group demonstrated greater normalized external peak knee extension moments (P = 0.003). However, there were no significant differences in normalized external knee adduction, abduction, or flexion moments between the OB and HW groups (P = 0.07 and P = 0.12, respectively) (Table 3 ) (Figure 2 ). The OB group demonstrated greater nonnormalized frontal-and sagittal-plane knee moments during walking and jogging except for the peak adduction moment during jogging (P = 0.36) ( Table 3 ).
In the OB group, there was no correlation between standing frontal-plane knee alignment and normalized peak knee adduction or abduction moments (Table 4) or nonnormalized knee adduction or abduction moments during walking or jogging (Table 4) . How-ever, there was a moderate positive correlation in the HW group between frontal-plane position and normalized peak knee adduction moments (ρ = 0.58; P = 0.007) ( Table 4) as well as nonnormalized adduction moments during walking (ρ = 0.60; P = 0.006).
Discussion
In this study, youth who were OB demonstrated increased static standing knee valgus alignment compared with those who were HW. In the OB group, normalized peak knee adduction moments were lower compared with the HW group during walking, and normalized peak external knee extension moments were higher compared with the HW group during jogging. Overall, nonnormalized frontal-and sagittal-plane knee joint moments were greater in the OB group compared with the HW group. In participants who were OB, frontal-plane standing knee alignment did not correlate with peak frontal-plane knee moments during walking and jogging, whereas a moderate correlation was observed in the HW group between alignment and normalized peak external knee adduction moments.
Static Frontal-Plane Knee Alignment
Our 39 showed increased knee valgus alignment in adolescents who were OB by measuring images from dual-energy x-ray absorptiometry scans. However, this methodology has not been validated, and these measures were taken in a non-weight bearing position. Our report bridges the limitations in the aforementioned studies and provides objective data, using validated methods in other populations, 15, 33 while statistically comparing both the OB and HW groups on standing frontal-plane knee alignment.
Our results suggest that, on average, the interhip distance of the OB group is wider than the HW group. However, to the best of our knowledge, there are no published reports comparing pelvis or hip width in youth who are OB with youth who are HW. It is logical to expect that pelvis width may influence knee alignment; however, we did not find any correlation between interhip width and frontal-plane knee alignment in either group, indicating that the larger interhip joint distances in the OB group (Table 2) do not substantially influence the frontal-plane limb alignment. We did find correlations between the interknee joint distances and the frontal-plane knee angles for both groups such that the greater interknee joint distances were associated with more varus (less valgus). While the association between interknee joint distances and frontal-plane knee angles may be expected, we did not observe group differences in interknee joint distances (Table 2) , which may be expected given the group differences in standing knee alignment. When evaluating these results, there is considerable variability in the interjoint distances, particularly in the interhip distance, for both the OB and HW groups, with some participants having wider hips and closer knees and others with wider hips and wider knees. It is possible that when the individual participants' data are averaged, the variability noted in the interhip joint distances may influence the group comparison, resulting in significant differences in interhip width between the 2 groups. However, future investigation should evaluate the potential differences in pelvis/hip weight in youth who are OB compared with those who are HW and how this may or may not affect knee alignment.
External Frontal-and Sagittal-Plane Knee Moments
Our results support those of McMillan et al, 19 who also demonstrated decreased peak external knee adduction moments (normalized to mass × height) during mid (40%-60%) and late (last 30%) stance phases of walking at self-selected speeds in youth who are OB (n = 18) compared with HW (n = 18). However, our results evaluating sagittal-plane moments are contradictory to McMillan et al, 19 who demonstrated lower knee flexion moments during walking in those who were OB, whereas our results showed no differences in normalized external knee flexion or extension moments during walking in the OB group compared with the HW group. There were several differences between our study and that of McMillan et al. 19 For example, although participants in both studies walked at a self-selected pace, those in the McMillan et al study 19 were matched based on gait velocity. Participants in our study were matched based on age and sex. Further, gait velocity in our study was accounted for as a covariate in the statistical analysis. These differences in our study allow for a more robust control of potential confounders and limit variability in the results. In addition, calculation of the hip joint center was different in our study compared with that of McMillan et al, 19 which may also impact findings. Finally, there were more male participants in our study (female:male = 7:13 vs 17:1) with lower BMI z-score, 19 respectively). These differences may partially account for the differences noted in sagittal-plane moments between studies. Further, in an earlier study, McMillan et al 18 compared the timing and amplitude of frontal-plane lower extremity kinematics and kinetics during walking at self-selected speeds in children who were OB (n = 7) and HW (n = 7). Results showed that the timing of peak external knee adduction moments occurred later during stance phase in the OB group compared with the HW group. 18 However, after McMillan et al 18 performed a correction for multiple comparisons (corrected significance level P = 0.004), no differences in external knee adduction moments were present (early [first 50%] stance [P = 0.007] and late [last 50%] stance [P = 0.01]). Still, these results trended toward lower external peak knee adduction moments in the OB group. The lack of statistical significance may be a reflection of the small sample size and numerous comparisons in that study. 18 Consistent with our study, reports by Gushue et al 20 and Shultz et al 21 showed increased nonnormalized external peak knee adduction moments during standardized walking speeds in children who were OB-mean(SD) age: 11.9(1.2) and 10.40(1.78), BMI percentile: 99th and BMI 30.47(5.54), and gender (female:male): 3:7 and 20 (gender not reported), compared with children who were HW. However, there were no differences when moments were normalized to body weight × height 20 or just body weight. 21 Further, nonnormalized sagittal-plane moments in our study were consistent with Shultz et al, 21 demonstrating greater moments in the OB groups compared with HW groups. However, Gushue et al 20 did not show differences in nonnormalized sagittal-plane moments during walking between similar participants. Using standardized walking speeds versus self-selected walking speeds may account for some of the differences noted between these studies compared with ours and McMillan et al. 18, 19 Standardizing gait speed may result in participants adopting movement and joint loading patterns that are not reflective of their natural or typical gait pattern when walking and thus produce different results. 40 Further, different age and gender characteristics may also account for potential differences between our findings and previous studies. 35, 36 To the best of our knowledge, this study is the first to report frontal-and sagittal-plane knee moments in youth who are OB and HW during jogging. Both the OB and HW groups demonstrated similar characteristics of frontal-and sagittal-plane moments during the first 60% of stance phase of running, which has been reported in youth and young adult populations during running ( Figure 2) . 41, 42 The OB group demonstrated greater normalized knee extension moments during jogging, which may be attributable to potentially having to decelerate knee extension more during terminal swing/initial contact secondary to a larger mass of the leg compared with the HW group. Further, alterations in foot placement at initial contact may also account for this greater extension moment. Evaluation of these factors should be included in future studies related to jogging and youth who are OB. Although there were no other differences between groups when comparing normalized external frontal-plane or external knee flexion moments during jogging, the peak external adduction moment did approach significance (P = 0.07), as did the external knee flexion moment (P = 0.009) ( Table 3 ). The lack of significance may be due to the high amount of variability noted during the jogging task (Table 3 ; Figure 2 ). This may be related to excessive soft tissue movement, especially in the OB group, secondary to the increased forces during jogging and the error associated with the measurement technique. 32, 42 Further, potential variations in position and movement patterns of joints above and below the knee (eg, foot, hip, pelvis, trunk) during walking previously discussed 12, 13, [43] [44] [45] may be amplified during jogging. Conversely, all nonnormalized moments, except the external adduction moment, were greater in the OB group compared with the HW group. The lack of difference in the nonnormalized knee adduction moment may be related to adaptations or changes in movement during running to accommodate increased joint loading. Overall, evaluating the nonnormalized knee moments during walking and jogging demonstrates that the participants in the OB group experienced greater load to their knees compared with the HW group, which may contribute to higher risk of knee joint damage. 16, 17, 20 Static Frontal-Plane Knee Alignment and Peak FrontalPlane Knee Moments
Measures of static standing frontal-plane knee alignment attempt to infer frontal-plane loading patterns and extrapolate them to dynamic movement. 12, 13, 46 Relative positions of the hip, knee, and ankle will alter the compartmental load distribution of the knee. In the "neutrally" (0°) aligned knee, the medial compartment bears approximately 60%-70% of the load in weight bearing. 9, 46 In a varus aligned knee, the mechanical axis passes farther medial to the knee and increases compressive forces across the medial compartment, 9,12,47 whereas in a valgus aligned knee the mechanical load bearing axis passes more lateral to the knee and increases compressive forces in the lateral compartment. 9, 47 In healthy adults, measures of frontal-plane knee alignment have been shown to predict frontal-plane external knee adduction moments (r 2 = 0.48-0.53) during walking. 13, 14 However, this study is the first to report the relationship between static frontal-plane knee alignment and frontal-plane knee joint loading patterns in youth who are OB. Our results did not demonstrate a relationship between measures of static frontal-plane knee alignment and frontal-plane loading patterns in the OB group. However, compensatory movement patterns such as foot position, trunk lean, pelvic drop, and hip position may alter knee joint loading patterns in ways that static standing alignment measures cannot identify. 12, 13, [43] [44] [45] 48 For example, increasing toe out angle, lateral trunk lean, and hip adduction and hip internal rotation has been shown to alter frontal-plane knee loading in healthy participants and those with knee OA. 12, 13, [43] [44] [45] Further, youth who are OB have been shown to shift from hip extensor to flexor moments earlier in the gait cycle and decrease single support time compared with non-OB children. 48 Thus, it may not be appropriate to infer frontal-plane knee joint loading patterns in youth who are OB based on static knee alignment.
Limitations
Our results are limited to relatively small homogeneous groups based on age and specific BMI ranges, which may limit the generalizability of the results. For example, the results of the OB group may not be generalizable to youth who are morbidly OB, who may have potentially substantially increased mass, different alignment, and different loading patterns. Additional limitations may be due to the utilization of a method for measuring frontal-plane knee alignment that has not been validated in youth who are OB, the potential error in 3D motion analysis introduced by the increased soft tissue movement during walking and jogging, and marker placement error. However, the methodology of determining alignment has been validated in other populations, including adults who are OB. Further, in an attempt to limit the effects of excessive soft tissue movement and error, we adhered to recommended methods of previous reports which evaluated youth who were OB with 3D motion analysis [18] [19] [20] [21] 23, 49 by using a redundant marker set, placing additional markers over the iliac crests of the pelvis, uti- lizing a functional hip joint center, and having the same individual place the reflective markers on each participant. Finally, although outside the scope of this study, differences in knee size and morphology may affect the magnitudes of joint loading experienced by the articular cartilage during walking and jogging. While normalization of moments to height and weight is intended to correct for differences in loading due to the different statures of individual participants, this procedure may not fully account for the variability in contact area within the joint that influences the microenvironment of the cartilage.
Implications for Future Research and Clinical Practice
Further evaluating factors such as age, physical maturity, gender, and other measures of body composition in a larger sample may be useful to potentially differentiate further differences between OB and HW youth that may relate to knee alignment and loading patterns. Future research should evaluate other factors that may impact knee joint movement and loading patterns, including knee pain, muscle strength, pelvic width, and body fat distribution (eg, android to gynoid ratios). Evaluating movement patterns at proximal and distal joints to the knee may identify other compensatory strategies during walking and running which may place the knee and/or other joints at risk. Further, in order to protect the long-term health and function of the knee joint, characterizing the influence of knee joint loading patterns, joint morphology, and mechanisms for the potential development of articular cartilage damage in OB is necessary. Clinically, it will be important to characterize the influence of altered knee joint loading patterns on physical function and activity participation. Doing so may offer insight into best practices and recommendations in promoting physical activity while optimizing knee joint health in youth who are OB. Finally, although static knee alignment is often used to infer dynamic knee joint loading, 12, 13, 46 this may not be appropriate in youth who are OB, and more dynamic assessment may be required.
Conclusion
When compared with youth who are HW, youth who are OB stand in greater knee valgus and demonstrate decreased normalized peak knee adduction moments during walking and increased normalized peak knee extension moments during jogging. Overall, nonnormalized knee joint moments are higher in youth who are OB compared with those who are HW. Static frontal-plane knee alignment does not correlate with frontal-plane knee joint loading patterns in youth who are OB. Thus, it may not be appropriate to infer frontal-plane knee joint loading patterns in youth who are OB based on static knee alignment. A better understanding of other mechanisms related to frontal-plane knee joint loading in youth who are OB is necessary to reduce the potential for premature joint degeneration in this population.
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